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PROTON- IONIZABLE  CROWN  ETHERS.  A  SHORT  REVIEW 
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Department  of  Chemistry,  Brigham  Young  University,  Provo,  UT  84602  U.S.A. 
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2.  Crown  Ethers  Containing  a  Proton- Ionlzable  Pendant  Arm 

3.  Aza-Crowns  with  Proton- Ionlzable  Pendant  Arms 

4.  Tartaric  Acid  Derived  Proton- Ionlzable  Crown  Ethers 

3.  Crown  Ethers  with  Proton- Ionlzable  Chromogenic  Pendant  Arms 

6.  Substituted  Benzo-Crown  Ethers 

7.  Carboxylic  Acid-Substituted  Dlbenzo-Crown  Ethers 

8.  Proton- Ionlzable  Crown  Ethers  Containing  the  Blnaphthyl  Subcycllc  Unit 

9.  Proton- Ionlzable  Benzo-Crowns  Containing  an  Intraennular  Hydroxy  Group 

10.  'Proton- Ionlzable  Benzo-Crowns  Containing  an  Intraannular  Carboxylic  Acid 

11 j  Proton- Ionlzable  Crown  Ethers  Containing  Phosphorus 

12.  Crown  Ethers  Containing  a  Proton- Ionlzable  Pyridine -Derived  Subcycllc  Unit 

13.  Proton- Ionlzable  Crown  Ethers  Containing  a  Triazole  Subcycllc  Unit 

14.  Proton- Ionlzable  Crown  Ethers  Containing  Sulfonamide  Groups 

15.  Miscellaneous  Proton- Ionlzable  Crown  Ethers 

'  1.  INTRODUCTION. 

'Since  Pederson  reported  the  synthesis  and  catlon-complexlng  characteristics  of  the  crown 
<  Jiers  in  1967*,  there  has  been  increasing  Interest  in  these  compounds  as  compiexing  agents  for 
various  metal  and  organic  cations.  Many  different  modifications  of  the  crowns  nave  been  made  tu 
enhance  their  cation-complexing  properties.  Some  of  these  modifications  involve  the  use  of 
alkyl  substituents,  aromatic  subcycllc  ’inlts,  nitrogen  and/or  sulfur  atoms  substituted  for 
oxygen  in  the  macroring  and  other  changes  which  provide  crowns  with  unique  compiexing  proper- 

•y 

ties.  A  compilation  cf  cation  compiexing  properties  of  the  crown  ethers  has  been  published. ‘ 

' -^Macrocycllc  crown  ether  ligands  containing  proton- ionlzable  groups  are  of  Interest  because  v 
Dedicated  to  the  memory  of  Professor  Tetsuji  Kametanl. 

± 


Table  1.  Crown  Ethers  Containing  Pendant  Am  Ionizable  Croups  (Figure  I) 


Number 

CS 

Rl 

*2_ 

R3 

*4_ 

r5 

ap(*C) 

Yield(») 

Proc 

Ref 

1 

12-Cr-4 

H 

H 

n-c10H21 

H 

co2h 

54-56 

83 

A 

20 

2 

15-Cr-S 

H 

K 

n*c10H21 

H 

co2h 

42-44 

84 

A 

20 

3 

18-Cr-6 

H 

H 

n-Ci0H2i 

H 

co2h 

oil 

81 

A 

20 

4 

21-Cr-7 

H 

H 

n-CioH2i 

H 

co2h 

oil 

79 

A 

20 

5 

13-Cr-4(2)a 

H 

H 

n-CioH2i 

H 

co2h 

46-48 

47b 

A 

19 

6 

13-Cr-4(3)a 

H 

H 

n-C10H21 

H 

co2h 

yellow  oil 

20b 

A 

19 

7 

14-Cr-4(2)a 

H 

H 

n-CicH2l 

H 

co2h 

yellow  oil 

24b 

A 

19 

8 

14-Cr-4(3)a 

H 

H 

n-c10H21 

H 

co2h 

yellow  oil 

33b 

A 

19 

9 

15-Cr-4(3)a 

F 

H 

n-CioH2i 

H 

co2h 

yellow  oil 

22b 

A 

19 

10 

16-Cr-5(3)a 

H 

H 

n-c10H21 

H 

co2h 

colorless  oil 

30b 

A 

19 

11 

19-Cr-6(2)a 

H 

H 

n-C1QH21 

H 

co2h 

yellow  oil 

65b 

A 

19 

12 

24-Cr-8 

H 

H 

n-CioH2i 

H 

co2h 

yellow  oil 

52b 

A 

19 

13 

27-Cr-9 

H 

H 

n-CioH21 

H 

co2h 

colorless  oil 

66b 

A 

19 

14 

30-Cr-10 

H 

H 

n-Ci0H2i 

H 

co2h 

colorless  oil 

50b 

A 

19 

15 

15-Cr-5 

H 

no2 

H 

N02 

OH 

-- 

30 

B 

9 

16 

18-Cr-6 

H 

no2 

H 

no2 

OH 

-- 

25 

B 

9 

17 

15-Cr-5 

H 

H 

H 

H 

OH 

.. 

98 

B 

9 

18 

18-Cr-6 

H 

H 

H 

H 

OH 

180-200/0.84  Pa 

47 

B 

9 

*  2  or  3  In  parenthesis  means  attachment  of  the  crown  through  one  of  the  carbon  atoms  of  a  two 
carbon  bridge  or  the  central  carbon  atom  of  a  3  carbon  bridge.  13  overall  yield. 


Figure  I 


phenolic  OH  group  as  the  ionizable  part  of  the  ligand. 9|21  some  of 
the  pendant  arms  were  chroreogenlc.  These  PICEs  were  synthesized  by 
the  combination  of  guaiacolyl  glyceryl  ether  and  the  glycol  ditosyl- 
ate  of  appropriate  length  with  sodium  hydride  as  the  base  in  N,N-dl- 
methylforraamlde  (DHF).  The  methyl  group  Is  then  cleaved  by  lithium 
aluminum  hydride  (LAH)  In  hexane  at  reflux  temperature.  The  crown 
ether  phenol  Is  then  ring  substituted  to  obtain  the  desired  product. 


The  synthesis  of  15  Is  shown  In  rrocedure  B.  Crown  ether  phenols  15-18  (Figure  I,  Table  1)  were 
obtained  according  to  Procedure  B  in  moderate  yields.  These  ligands  were  all  oils. 


Procedure  B 


Table  2.  Crown  Echera  Containing  A  Pendant  Arm  Phenol  Group  (Figure  IX) 


Number 

CE  • 

R1 

r2 

ap(*C) 

Yleld(t) 

Proc 

Ref 

19 

15-Cr-5 

no2 

no2 

oil 

96 

B 

21 

20 

18-Cr-6 

no2 

no2 

oil 

56 

B 

21 

21 

15-Cr-5 

H 

-  N-N  -  4  -  nl  t  r  ophenyl 

powder 

23 

B 

21 

22 

18-Cr-6 

H 

-N-N-4-nitrophanyl 

powder 

4.8 

B 

21 

23 

15-Cr-5 

-N-N-4-nltrophenyl 

- N-N - 4 - n 1 t r opheny 1 

powder 

14 

B 

21 

OH 


Substitution  on  the  phenol  ring  can  be  accomplished  by  aryl 
dlazonlum  salts  (21)  as  veil  as  nitric  acid  il5)  to  give  chrooogenlc 
lonizable  crown  ethers. ^  Compounds  19-23  (Figure  II,  Table  2)  were 
obtained  by  using  the  appropriate  starting  diol  and  glycol 
dltosylate.  The  starting  diol  was  obtained  by  reacting  methyl 
Iodide  with  2-allylphenol  in  the  presence  o£  sodium  methoxlde  to 
obtain  2-allylanisole  followed  by  oxidation  with  pota  .slum 
permanganate  to  the  diol . ^  The  diazophenol  crowns  21-23  were  obtained  as  brown  powders. 

PICE  13  was  used  to  successfully  determine  sodium  ion  concentrations  in  human  blood. ® 


Figure  II 


Ligands  19-23  extracted  alkali  metal  cations  Into  1,2-dichloroethane  forming  highly  colored 
uncharged  complexes.^ 

Crovn  ethers  24  and  25  (Figure  III,  Table  3)  have  a  pendant  lonizable  arm  connected  through 
a  nitrogen  Instead  of  an  oxygen  atom  as  in  15.  The  strongly  electron  withdrawing  substituents 
on  the  benzene  ring  cause  the  aniline  hydrogen  to  be  acidic  thus  providing  the  PICE.  Bubnis  and 
Pacey  have  synthesized  these  ligands  following  the  sequence  outlined  in  Procedure  C.^2  The  pKas 


Procedure  C 


dlethylazodlcarboxylate, 
CE-CH2OH  _ _ 

Irlphenvlphosphlne, 

phthallmlde 


1)  NaOH 

CE-CH2NH2  HO  - *■ 

2)  Chloro- substituted 
chromophore 


CECHj— N 


1)  H2NNH2,  H20/  MeOH 

2)  HO 


Table  3.  Crown  Ethers  Containing  a  Pendant  lonizable  Aniline  Hydrogen  (Figure  III) 


Number 

CE 

*i_ 

R2_ 

mp(*C) 

Yield(%) 

Proc 

Ref 

f 

24 

12-Cr-4 

no2 

no2 

cf3 

86-88 

60 

C 

22 

A.nhch2ce 

25 

15-Cr- 5 

no2 

no2 

:jo2 

187-188 

60 

C 

22 

STI  si  nr  a  III 

Figure  III 


for  24  and  25  were  found  to  be  11.4  and  11.6  (40%  acetonitrile/H20)  respectively.  23  Alkali 
metal  extraction  and  complexatlon  studies  determined  that  both  24  and  25  were  more  efficient 
extractors  of  K+  than  of  other  alkali  metal  ions. 

A  series  of  PICEs  based  on  14-crovn-4  with  a  substituted  phenol  on  a  pendant  arm  has  also 
been  reported  (26-29,  Figure  IV,  Table  4). 3®  These  ligands  were  obtained  using  a  modification 
of  Procedure  B.  Instead  of  using  a  substituted  ethylene  glycol  unit,  the  appropriately 
substituted  1,3-propylene  glycol  unit  was  used  to  combine  with  the  glycol  dltosylate.  Sodium 
hydride  was  again  used  as  the  base  in  dioxane  and  lithium  perchlorate  was  added  for  a  template 
affect.  The  anlsole  methyl  group  was  removed  as  outlined  in  Procedure  B,  except  that  heptane 


Table  4.  14-Crown-4  Kacrocycles  with 


Pendant 

Proton- 

lonlzable 

Arms  (Figure 

IV) 

Number 

B1 

r2 

Proc 

Ref 

26 

H 

H 

B 

18 

27 

no2 

H 

B 

18 

28 

H 

no2 

B 

18 

29 

no2 

no2 

B 

18 

u 


Figure  IV 


was  used  as  the  solvent.  This  afforded  compound  26  which  was  then  ring  substituted  using  nitric 
acid  to  obtain  27*29.  In  proton-driven  transport  ntudies  in  a  liquid  membrane  system,  extremely 
high  ratios  of  lithium  over  sodium  were  obtained  using  27-29  as  the  carriers. 


3.  AZA- CROWNS  WITH  PROTON- IONIZABLH  PENDANT  ARMS. 

Modifications  In  the  composition  of  the  basic  crown  ether  ring  have  also  been  made  to 
change  the  behavior  of  PICEs  toward  complaxatlon  and  transport  of  cations.  Where  one  or  two  of 
the  crown  ring  oxygen  atoms  have  been  replaced  by  nitrogen  atoms,  the  proton- lonlzable  pendant 
arm  can  be  attached  through  or.e  or  both  nitrogen  atoms.  Preparation  of  dlaza-crowns  containing 
two  carboxylic  acid  groups  Is  the  most  obvious  extension  of  this  modification. 

Dlazadlcarboxylic  acid-containing  ligands  30-32  (Figure  V,  Table  5)  were  synthesized  by 
reacting  the  appropriate  dlaza-crown  with  the  potassium  salt  of  the  appropriate  «- 
chlorocarboxylic  acid  In  the  presence  of  potassium  hydroxide  followed  by  acidification  as 
outlined  In  Procedure  D  for  compound  31. ^'^5  Crown  ether  34  was  obtained  by  a  modified 
Procedure  D.^0  Although  ligand  33  is  very  similar  to  30-32,  It  was  obtained  by  reaction  of  the 
dlaza-crown  and  two  equivalents  of  acrylonitrile  to  form  the  diaza  dlnitrlle  crown.  Subsequent 
hydrolysis  produced  the  dlacid  33  (Procedure  E).^ 

Monoaz a -crowns  35-38  (Figure  V,  Table  5)  were  obtained  by  the  reaction  of  2 - b r omoae thy 1  - 4 - 
nitrophenol  and  the  appropriate  aza-crovn  as  shown  In  Procedure  F  for  35. Crowns  39-41  were 

obtained  by  an  extension  of  Procedure  F.  After  obtaining  the 
nitrophenol -substituted  crown,  the  nltro  group  was  reduced  to  the 
amine  and  the  resulting  compound  was  combined  with  plcryl  chloride 
to  give  the  corresponding  PICEs. 

Pro ton- lonlzable  ligands  42-48  (Figure  V,  Table  5)  were 


Figure  V 


synthesized  according  to  Procedure  C  shown  for  the  synthesis  of 


Tabla  5.  Aza-Crovns  with  Pendant  Ionlzabla  Arua  (Figure  V) 


Number 

1 

m 

n 

R1 

*2 

mp(*C) 

Yleld(») 

Proc 

Ref 

30 

2 

i 

i 

-CH2C02H 

-CH2CO2H 

-  - 

_  _ 

D 

24.25 

31 

2 

2 

i 

-CH2C02H 

-CH2CO2H 

-- 

-- 

D 

24,25 

32 

1 

1 

i 

-ch2co2h 

-ch2co2h 

-- 

-- 

D 

24 

33 

2 

2 

i 

CH2CH2C02h 

-  R1 

128.5-130 

65 

E 

27 

34 

2 

2 

i 

CO(CH2)i0CH3 

ch2co2h 

oil 

17 

0 

26 

HO 

35 

1 

1 

0 

“H2C“0 

— 

89-90 

57 

F 

21 

NO, 

36 

1 

2 

0 

• 

-- 

82-83 

71 

F 

21 

37 

1 

3 

0 

• 

-- 

-- 

91 

F 

8,21 

38 

1 

4 

0 

■ 

-- 

-- 

87 

F 

8,21 

39 

2 

2 

0 

H-N  NO, 

V_/  2 

“  • 

orange  crystal 

48 

F 

28 

40 

2 

i 

1 

\ 

*  no2 

-  R1 

-- 

30 

F 

28 

41 

2 

2 

1 

■ 

-  R1 

207 

32 

F 

28 

4  2 


43 


44 


45 


46 


47 


2  2  1 

2  2  1 

2  2  1 

2  2  1 

2  2  1 

2  2  1 


— COCH,CH,v 


-COCH.CH,, 


— COCH,CH,, 


“l-Naphthfl 

OH 

— cocmjch1vA.  "  R1 


N»N— ■ p-»ltroph««fl 

OH  ”  R1 

-COCH,CH,,sjL,*«M— p-altr*ylMirl 


H.N— ?  »Ur«pk«*]Fl 


131-131.5 

124-125 

88-92 

196-2n3 

144(dec) 

141-142 


80  G  29 


48  G  29 


43  G  29 


49  G  29 


14  G  29 


36  G  29 


Tibia  S  (conClnuad) 


Procetiutg-Q 


H-N  ;  N-H 


✓'sTVs 

2  aCHjCO,'K*  j  I 

- HOjCCHj-N  N-CHjCOjH 

t)  KCH,  2)  Ha  I  o  0  J 

^  v_/^ 

31 


Procedure  E 


H-N 


'1 


N-H 


1)  2  CHj=CHCN 


2)  H* 


HOjCCHjCHjrN 


N  N 


N-OUCHjCOjH 


42. 29  I.lgand  43  was  obtained  using  the  nltro- substituted  dlhydrocouisarin,  44-46  were  obtained 
by  subsequent  aromatic  ring  substitution  by  the  appropriate  aryl  dlazonlua  salt,  and  47  and  48 
were  obtained  using  a  modified  Procedure  C  with  the  phenyl  aster  Instead  of  the  lactone.29 
Chromogenlc  az# -crowns  49-53  (Figure  V,  Table  5)  were  obtained  by  the  reaction  of  the 


Procedure  G 


/“\ 


r°  'o  ocr  r— ^ 

H-N  N-H  - ►  R-N  N-R 


2or»* 
18  hr* 


*-cc 


KiV^O)- 


Procedure  H 


f 

O  N-H  HXC 

— J  *  V 


rZA,  THP 


k^1  •■"  V 


CHjr 


approprlata  aza-crown.  formaldehyde  and  a  chroaogenle  group  by  tha  Hannlch  ra act 1cm  In  tha 
presanca  of  trlathylaalna  (TEA)  aa  tha  baaa.2*’  Procedure  H  lllua trace*  thla  sequence  with  crown 
4?  aa  an  example. 

Ligand*  30  and  31  war*  tax  tad  for  transport  and  coa.pl#xxtion  proparti  aa  with  alkali, 
alkallna  earth,  some  tranalclon  natal,24  and  aona  lanthanide  natal  Ion*.30  Crown*  32-34  war* 
only  atudlad  ualng  alkali,  alkallna  earth,  and  aona  tranaltlon  natal  Iona.24*22  The  transport 
of  cation*  by  PICE*  33  and  34  waa  alao  atudlad  ualng  zwltterlonlc  aalno  acid  forna  aaalatad  by 
Ca2"  loan.  Tha  extraction  of  alkali  natal  cation*  Into  1,2-dichloroathan*  by  35-3C  and  49-53 
was  st-idled  and  tha  chronoganlc  crown*  fornad  highly  colored  uncharged  natal  complexes.23 
Ligands  37  and  38  ware  selective  for  Li+  and  K*  respectively  and  37  was  useful  In  determining 
par's  per  million  concentration*  of  LI*  a a  wall  aa  concentrating  Li*  from  dilute  solutions.®  Of 
compounds  44-48,  only  46  was  found  to  extract  alkali  or  alkaline  earth  natal  cation*.2' 


4.  TARTARIC  ACID  DERIVED  PROTON- I0NIZABL2  CROSS  ETHERS. 

Fylea  and  Lehn  hava  synthesized  a  series  of  lipophilic  carboxylic  acid  crown  ethers  derived 
from  cna  or  two  tartaric  acid  residues.  These  syntheses  gave  crowns  with  a  specific  sat  of 
stereoisomers  for  complaxatlon  and  cation  transport  studies.33  The  starting  N,N,N',N'- 
tetramethyldlanlde  of  tartaric  acid  was  obtained  from  the  (2{J, 3R) -Isomer  of  tartaric  acid. 
Thallium  ethoxldo,  which  was  compatible  with  tha  easily  racemlzad  chiral  center*., 33  was  employed 
as  tha  basa  In  this  modification  of  tha  Williamson  ether  synthesis.  Tha  general  synthetic 
method  1*  shown  In  Procedure  I  using  34  aa  an  example.  Lipophilic  acid  ligands  34-48  (Figure 
VI,  Table  6)  were  obtained  In  thla  manner  ualng  the  appropriate  glycol  dliodld*  and  by  making 


TcLraxubatltuted  crown  ethera 


Figure  VI 


thr  appropriate  aubatitutlona.^*^ 

£9-91  (Figure  VI,  Table  6)  were  alao  aynthealaed  according  to 
general  Procedure  I  buc  modlflcatlona  were  nade  Co  obtain  aoaa  of 
the  producta.  ^  ■  ^3  •  36-38  Compound  80,  cor  exaaplt,  vet,  obtained  by 
Che  reaction  of  the  H.N.N*  ,N' - tetranechyldlaalde  of  tartaric  acid 
and  l-iodo-3-oxa-5-benzyloxyp intana  In  the  preaence  of  thallium 
ethoxlde  In  DMF  to  obtain  the  bla-barxyl  blocked  pence# thy lane 
glycol.  Thla  autarlal  waa  deblocked,  bromine ted,  then  lodlnated 


Table  6 

Tartaric 

Acid 

Derived  Proton- Ionlzable  Crown  Ethera 

(Figure  VI) 

Humber 

■ 

n 

*1 

r2 

*3 

84 

«P(*C) 

Yield(t) 

Proc 

Ref 

54 

0 

1 

H 

H 

CONH(CH2)7CH3 

co2h 

oil 

70 

I 

31 

55 

0 

1 

H 

H 

CONH(CH2)13CH3 

co2h 

was 

60 

I 

31 

56 

0 

1 

H 

H 

CONH(CH2)i7CH3 

co2h 

57* 

78 

I 

31 

57 

1 

1 

H 

H 

CONH(CK2)7CH3 

co2h 

wax 

80 

I 

31 

58 

1 

1 

H 

H 

CONH(CH2)i3CH3 

C02H 

oil 

61 

I 

31 

59 

1 

1 

H 

H 

CONH(CH2)17CH3 

co2h 

wax 

58 

I 

31 

60 

1 

1 

H 

H 

CONH(CH2)3CH3 

co2h 

93 

90 

I 

31 

61 

0 

1 

H 

H 

co2h 

co2h 

60 

65 

I 

31 

62 

1 

1 

H 

H 

co2h 

co2h 

103 

75 

I 

31 

63 

0 

1 

H 

H 

CON(CgH17)2 

co2h 

-- 

-- 

I 

32 

64 

1 

1 

H 

H 

CON(CgHl7)2 

co2h 

-- 

-- 

I 

32 

65 

1 

1 

H 

H 

C02h  -CONK 

<3r 

-* 

-- 

I 

33 

66 

1 

1 

H 

H 

C02H  -COBH 

r* 

-v  N-H 

161-163 

90 

I 

33 

67 

l 

1 

H 

H 

a?CONHCH2CH2NHCO  C02H 

-- 

60 

I 

35 

68 

0 

1 

CO2H 

C0N{ (CH2) 7CH3  J  2 

H 

ri 

... 

-- 

I 

34 

69 

1 

l 

Ab 

co2h 

COiH 

Ab 

-- 

-- 

I 

5 

70 

1 

1 

co2h 

CONHPh 

co2h 

CONHPh 

256 

44 

I 

36 

71 

1 

1 

co2h 

C0NH-4- Phenyl- 

co2h 

-  R, 

-- 

-- 

I 

36 

azo-l-Napthyl 


TaSla  6  (continued) 


72 

1 

1 

co2h 

COSH -4- Iodo- 
phenyl 

co2h 

-  r2 

-  - 

1 

36 

73 

1 

1 

co2h 

COSH- 1 -Nap thy 1 

co2h 

-  R2 

-- 

-- 

I 

36 

74 

1 

1 

CONHPh 

co2h 

co2h 

-  R1 

110 (dec) 

47 

I 

36 

75 

1 

1 

C0NH-4-Phanyl- 

azo-l-Napthyl 

co2h 

co2h 

-  P-! 

-- 

-- 

I 

36 

76 

1 

1 

C0NH-4-Iodo- 

phanyl 

co2h 

co2h 

-  R1 

-- 

-- 

1 

36 

77 

1 

1 

C0NH-9-Phenan- 

thryl 

C02i' 

co2h 

-  R1 

-- 

-- 

X 

36 

78 

1 

1 

COMH-l-Napchyl 

co2h 

co2h 

-  R1 

-- 

-- 

I 

36 

79 

1 

1 

co2h 

C0!?H-9-Phenan- 

chryl 

co2h 

-  R1 

*  • 

•* 

I 

36 

80 

1 

1 

c10h21 

c10»21 

co2h 

co2h 

gl«»« 

92 

I 

37 

81 

1 

1 

CON(C8H17)2 

“  R1 

co2h 

co2h 

-- 

97 

I 

37 

82 

1 

1 

conhc8h17 

co2h 

co2h 

-  R1 

180-183 

-- 

I 

37 

33 

1 

1 

conhc8h17 

co2h 

-  Rx 

co2h 

/  4-78 

-- 

I 

37 

84 

1 

1 

CON(C8H17)2 

co2h 

co2:i 

-  R1 

-- 

-- 

I 

37 

.J 

1 

1 

C0N(C8H17)2 

co2h 

-  R1 

co2h 

-- 

-- 

I 

37 

86 

1 

1 

•COWH-^~~^-Q 

co2h 

co2h 

-  Rx 

-- 

-- 

X 

37 

87 

1 

1 

m 

co2h 

-  R1 

co2h 

-- 

-- 

I 

37 

88 

1 

1 

co2h 

-  r2 

-  R1 

I90(dec) 

95 

I 

33 

89 

1 

1 

C02H  •conh-^~^-h 

-  R1 

-  r2 

oil 

83 

I 

33 

90 

1 

1 

co2h 

co2h 

co2h 

co2h 

213 

>95 

I 

38 

91 

1 

1 

ch2co2h 

-  R1 

-  R1 

-  Rt 

197-201 

95 

I 

38 

(CHj}jN 


O  O 


noEt 

DMF 


-u 

HO  OH 
+ 

/VN 

r° 

uj  1 


1)  HjO,  add 
- *» 

2)  AcO 


C.H17HH, 


►  r° 

>>  gSy> 


i^^CNHC^t 

54 


0'  MMH 
II 
o 


ro 


from  three  equivalents  of  die thy lsna glycol  dl Iodide  in  tha  presence  of  thallium  ethoxlde/DMF 
followed  by  hydrolyala  of  tha  aalda  to  tha  acid. 

ComplaxaClon  by  thaaa  crowns  has  baan  extensively 
atudiad.  Coaplaxacion  and  transport  studies  hava  baan 
dona  using  thaaa  ligands  with  tha  alkali  and  alkalina 
earth  natal  cations.  Kinetic  and  mechanistic  studies  for 
their  use  In  tha  transport  of  natal  Iona  hava  baan  carried 
out.  Prafarancaa  of  certain  ligands  for  particular 
cations  and  transport  rates  of  those  cations  hava  been 
determined. -^-35, 38, 39-43  Ionlzabla  crown  67  was  attached 
to  a  polymer  support  and  Its  cation  separation  properties 


H0*° t'Y° 

°.  adV) 

hojC^j;o 

O^'^COjH 

C  ) 

C  3 

H. 


HOjC  CO*H 
Figure  VH 


vara  studied 


35 


5.  CROWN  ETHERS  WITH  PROTON- IONIZABLE  CHROMOCENIC  PENDANT  ARKS. 

Proton- Ionlzabla  crown  ethers  containing  chronogenlc  pendant  arms  ara  unique  In  that 
spectrophotonetrlc  analysis  can  be  done  upon  deprotonatlon  and  conplexatlon  with  a  metal  cation. 
Some  of  these  chronogenlc  proton- Ionlzabla  crown  ethers  have  already  been  discussed  end  others 
will  be  discussed  at  a  later  point  In  this  article.  Tha  corpounds  discussed  here  either  have  an 
Ionlzabla  phenolic  proton  or  an  amine  hydrogen  made  Ionlzabla  by  strong  electron  withdrawing 
substituents  on  the  neighboring  benzene  substituent. 

Chronogenlc  Ionlzabla  crowns  93-106  (Figure  VIII,  Table  7)  were  synthesized  by  modification 
of  Procedure  A.  Tha  substituted  amlnophanol  was  combined  with  the  appropriate  tosyloxynethyl 


substituted  crown  ether  in  Che  presence  of  sodiua  hydride  in  THF 
to  obtain  the  crown  ether  containing  the  aniline  pendant  arm. 
This  material  wa*  then  coupled  with  the  appropriate  chloride  ti.e. 
picryl  chloride)  to  obtain  the  product.44  Crowns  107  and  108  were 
obtained  according  to  Procedure  8  except  that  the  corresponding 
diazoniua  salt  was  used  instead  of  nitric  acid.® 


Table  7.  Crown  Ethers  with  Chroaogenlc  Ionizable  Pendant  Croups  (Figure  VIII) 


Number 

CE 

A 

B 

c 

D  E 

ap(*C) 

Yield(%) 

Proc 

Ref 

• 

NH 

ev 

A 

R1 

"  0^ 

V* 

a  r2- 

■  R3  -  84  -  R5  -  H 

93 

15-C-5 

no2 

H 

C 

no2 

H  N02 

119-121 

89 

A 

44 

C4 

15-C-5 

NO  2 

H 

no2 

H  CN 

red  glass 

92 

A 

44 

95 

15-C-5 

no2 

H 

no2 

H  CF3 

red  oil 

96 

A 

44 

96 

15-C-5 

cf3 

H 

no2 

H  N02 

72.5-74.5 

90 

A 

44 

R1 

-  s«ai 

i  a* 

above. 

R2  -  R3  -  R5  -  H, 

H4  —  no2 

97 

15-C-5 

no2 

H 

no2 

H  N02 

red  oil 

47 

A 

44 

98 

15-C-5 

no2 

H 

no2 

h  CF3 

red  glass 

48 

A 

44 

R1 

—  same 

aa 

above , 

r2  —  R4  -  no2,  r3 

-  R5  -  H 

99 

15-C-5 

no2 

H 

CN 

H  N02 

164-166 

80 

A 

44 

R1 

—  same 

as 

above , 

R2  “  r3  “  R4  “  R5 

-  H 

100 

16-C-5 

cf3 

H 

no2 

H  N02 

orange  oil 

47 

A 

44 

101 

18-C-6 

cf3 

H 

no2 

‘  H  N02 

red  oil 

67 

A 

44 

102 

19-C-6 

cf3 

H 

no2 

H  N02 

red  oil 

94 

A 

44 

103 

21-C-7 

cf3 

H 

no2 

H  N02 

red  oil 

51 

A 

44 

104 

30-C-10 

cf3 

H 

1 

NH 

no2 

H  N02 

red  oil 

66 

A 

44 

r2 

- 

tk 

*  •  R1 

-  R3  -  R4-  R5  -  H 

o'*' 

Y' 

c 

a 

105 

15-C-5 

cf3 

H 

no2 

H  N02 

red  oil 

69 

A 

44 

106 

18-C-6 

cf3 

H 

NsW* 

no2 

H  N02 

red  oil 

67 

A 

44 

jk. 

A 

r2 

-  J 

oc 

•  Ri 

-  R3  -  Ra  -  H,  Rs  -  OH 

tr 

T 

a 

107 

15-C-5 

H 

H 

C 

no2 

H  H 

45-55 

49 

B 

9 

108 

18-C-6 

H 

H 

no2 

H  H 

88-89 

70 

B 

9 

6. 


SUBSTITUTED  BENZO -CROWN  ETOJLS 


This  secclon  covers  FICEs  with  one  benzene  ring  Incorporated  Into  the  crown  as  a  subcyc) lc 
unit.  Alkanoic  acid  groups  as  well  as  aromatic  chroaogenlc  groups  have  been  substituted  onto 
the  benzene  ring.  Crowns  109-112  (Figure  IX,  Table  8)  were  synthesized  as  show  in  Procedure  J 
using  109  as  an  example.  The  hydroxymethyl  substituted  benzocrown  ether  was  reacted  with  the 

corresponding  bromo-substltuted  carboxylic  acid  and,  after 
protonation,  benzocrown  109  was  obtained.  Crown  110  was  obtained 
by  a  modification  of  Procedure  J  In  that  the  tosyloxymethyl  crown 
and  hydroxy-substituted  carboxylic  acid  wera  used  to  obtain  the 
product. Acid  crowns  113  and  114  were  obtained  by  oxidation 
of  the  corresponding  acetyl  derivative  (Procedure  K).4®"4® 

Phenolic  crowns  11S  and  116  were  obtained  by  a  modified  Procedure  K.  Instead  sf  oxidizing  the 
acetyl  derivative  to  the  carboxylic  acid,  the  acetyl  group  was  subjected  to  Baeyer-Vlllager 
oxidation  conditions  to  obtain  the  corresponding  acetate.  The  acetate  was  then  hydrolyzed  to 
obtain  the  phenol.49 


Table  8.  Substituted  Benzo  Crown  Ethers  (NA  -  No  Atom,  E  -  CH2CH2)  (Figure  IX) 


Number 

*1 

r2 

R3 

X 

Y 

Z 

mp(*C) 

Yleld(») 

Proc  Ref 

109 

H 

H 

H 

CH2OCH2 

COjM 

CH20CH2 

oil 

47 

J 

45 

110 

H 

H 

H 

ch2och2 

CH2OCH2 

oil 

58 

J 

45 

111 

H 

H 

H 

NA 

CO.H 

NA 

oil 

63 

J 

19 

112 

H 

H 

H 

ch2 

• 

ch2 

oil 

67 

J 

19 

113 

H 

C02H 

H 

NA 

E0E 

NA 

183-185 

89 

K 

46,48 

114 

H 

co2h 

H 

CH2OCH2 

CH2OCH2 

NA 

118-120 

80 

K 

47 

115 

H 

-OH 

H 

NA 

EOE 

NA 

101-103 

93 

K  49 

(mod. ) 

116 

H 

-OH 

H 

NA 

EOEOE 

NA 

52 

82 

K  49 

(mod . ) 

117 

H 

NO. 

H 

NA 

EOE 

NA 

155 

72 

L 

11 

Table  8  (continued) 


118 

H 

"  N02 

119 

H 

"  Br 

OjH 

— hn-^  H 

NO, 

120 

H 

121 

H 

^v, 

— H 

NO, 

122 

H 

°-v 

— nn-^^-no,  H 

FjC~ 

123 

H 

o,n 

-HN-^^-NO,  H 

124 

H 

°*\_ 

-^-O-CN  H 

NO, 

125 

H 

no2 

126 

H 

-<XA 

HO 

127 

H 

— cxtx 

C0-O 

OH 

128 

H 

“-Cr 

HO 

129 

H 

H 

130 

H 

131 

H 

t-Bu 

132 

H 

NA 

EOE 

NA 

NA 

EOE 

NA 

NA 

EOE 

NA 

NA 

EOE 

NA 

NA 

EOE 

NA 

NA 

EOE 

NA 

NA 

EOEOE 

NA 

NA  EOEOE  NA 

NA  EOEOE  NA 

NA  EOEOE  NA 

NA  EOEOE  NA 

NA  EOE  NA 

NA  EOE  NA 

NA  EOE  NA 

NA  EOE  NA 


208-209 

82 

L 

11 

216-217 

60 

L 

11 

-- 

. . 

L 

50 

L  SO 

L  50 

L  50 

55-56  45  L  29 

160-161  32  L  29 

75-78  17  L  51 

150-152  32  L  51 

120-123  77  L  51 

162-163  66  L  29 

72-74  11  L  29 

107-108  34  L  29 

62-64  11  L  29 

(mod. ) 


NA  244-245  90  N  29 


NA  171-172  42  M  29 


Procedure  j 


CO,H 

Br-CH(CH,)7CH, 
1}  base,  2)  add 


Procedure  K 


Procedure  M 


1)  2,6-dlmethylphenol 
TsOH,  dloxane 

2)  oxlviatfon 


Cliromogenlc  ionlzabla  crowns  117*125  (Figure  IX,  Table  8)  were  prepared  according  Co 
Procedure  L.  The  appropriately  substituted  nltrobenzocrowns  ware  cate.lytlcally  reduced  to  the 
aalne  followed  by  coupling  with  the  corresponding  chloride.*-*- *29,50  Azocrowns  126*132  were 
obtained  by  aodlfylng  Procedure  L.  The  aalne  function  was  converted  Co  a  dlazonlua  salt  and 


then  combined  with  the  appropriate  aromatic  substrate  Co  yield  the  proton- lonizable  chromogenic 
crown  ether.  5^  Crowns  133  and  134  were  obtained  as  shown  in  Procedure  M.^ 

The  transport  of  alkali  and  alkaline  earth  metals  by  these  PICEs  has  been  studied.  45  Crown 
ethers  126-128  were  used  in  studies  demonstrating  the  first  example  of  light  driven  Ca^+ 
transport  across  a  liquid  membrane. 5^  UV  light  caused  the  crowns  to  isomerlze  from  the  trana  to 
the  els  configuration  which  puts  the  phenol  group  above  the  nacrocycllc  cavity  and  in  a  position 
to  assist  in  cooplexatlon  and  transport. 5^ 

7.  CARBOXYLIC  ACID -SUBSTITUTED  DIBEHZO-CROTO  ETHERS. 

Dibenzo-crown  ethers  are  a  natural  extension  of  the  work  done  with  the  bonzo-crown  ethers. 
These  compounds  have  alkyl  and  carboxylic  acid  substituents  and  one  crown  (159)  is  chromogenic. 

Dlbenzo- crowns  containing  carboxylic  acid  substituents  (135-148)  (Figure  X,  Table  9)  wire 
obtained  by  combining  the  various  hydroxydlbenzo-crown  ethers  with  the  corresponding  bromoalkyl 
carboxylic  acid  in  the  presence  of  sodium  hydride  in  THF  as  illustrated  in  Procedure  J.  52-54 
Propionic  acid-containing  crown  149,  homologous  to  acid  crowns  135-148,  was  prepared  via  the 

appropriate  hydroxydlbenzo-crown  ether  and  allyl  bromide 
or  ethyl  acrylate  as  shown  in  Procedure  N.5^*56 
Diaulfonlc  acid-crowns  150-152  were  prepared  from  the 
corresponding  carboxylic  acid-crowns  (Procedure  J)  by 
sulfonation  of  the  benzene  rings  using  sulfuric  acid, 
acetic  anhydride,  and  acetic  acid  in  chloroform.  5^ 
Crowns  153-156  were  obtained  by  reacting  the  dibenzo- 
crown  containing  a  ketone  function  on  the  propylene  bridge  with  the  appropriate  Grignard  reagent 
to  give  alkyl  and  hydroxy  substitution  on  the  same  carbon  as  shown  in  Procedure  0. 54  Procedure 
J  was  then  followed  as  outlined  before  to  obtain  the  acid  crowns.  Alkylsulfonic  acid  crown  157 
was  obtained  by  ?.  modification  of  Procedure  J  in  that  the  hydroxy  crown  was  first  combined  with 
sodium  hydride  in  THF  to  give  the  sodium  alkoxlde  followed  by  the  addition  of  1,3-propane 
sultone .  Hydrogen  chloride  gas  was  then  bubbled  through  the  reaction  mixture  to  protonate  the 
salt.56  Dicyclohexano -crown  carboxylic  acid  158  (Figure  XI)  was  prepared  according  to  Procedure 
J  but  first  the  benzene  rings  on  the  corresponding  hydroxy-crown  were  reduced  to  cyclohexane 
rings  using  hydrogen  and  ruthenium  on  carbon  in  ethanol.54 

Crown  159  (Figure  XII)  was  the  only  chromogenic  proton-Jonizable  dlbenzo  crown  ether 


reported.  It  was  prepared  according  to  Procedure  L  except  that  the  corresponding  nitro- 
substituted  dibenzo-crown  was  used.^9 


Table  9.  Dibenzo  Acid  Crowns  (E  -  CH2CH2.  P  -  CH2CH2CH2)  (Figure  X) 


Number 

R1 

r2 

*3 

X 

m?CC) 

Yicld(%) 

Proc 

Ref 

135 

H 

-och2co2h 

H 

E 

129 

76 

J 

52 

136 

H 

-och2co2h 

H 

P 

140-141 

80 

J 

52 

137 

H 

-och2co2h 

H 

EOE 

166 

82 

J 

52 

138 

H 

-och2co2h 

H 

EOEOE 

95-96 

66 

J 

52 

139 

H 

-0CH(C2H5)C02H 

H 

EOE 

93-95 

40 

J 

52 

140 

H 

-0CK(n-C4H9)C02H 

H 

EOE 

93-95 

40 

J 

52 

141 

H 

-0CH(n-C6Hx3)C02H 

H 

EOE 

75-77.5 

23 

J 

52 

142 

H 

-0CH(n-C8Hi7)C02H 

H 

EOE 

87-88 

27 

J 

52 

143 

H 

-0(CH2)4C02H 

H 

EOE 

97-98 

76 

J 

52 

144 

H 

-och2co2h 

t-Bu 

EOE 

55-56 

86 

J 

53 

145 

H 

-OCH(n-C8Hi7)C02H 

H 

P 

74.5-76.5 

46 

J 

54 

146 

H 

-OCH(n-C8H17)C02H 

H 

EOEOE 

oil 

35 

J 

54 

147 

H 

-0CH(n-C8H17)C02H 

H 

EO  EOEOE 

oil 

38 

J 

54 

148 

H 

-OCH2(CH2)4C02H 

H 

P 

50 

70 

J 

55 

149 

H 

-C(CH2)2C02H 

H 

EOE 

116-119 

6 

N 

52,56 

150 

H 

-och2co2h 

-SO3H 

EOE 

127-128 

93 

J 

57 

151 

CH3 

-och2co2h 

-SO3H 

EOE 

110-111 

86 

J 

57 

152 

n-C4Hg 

-och2co2h 

-SO3H 

EOE 

173-175 

82 

J 

57 

153 

n-C4H9 

-och2co2h 

H 

EOE 

145-146 

quan. 

0 

54 

154 

n-CgHi7 

-och2co2h 

H 

EOE 

95.5-97.5 

quan. 

0 

54 

155 

n-Ci4H29 

-och2co2h 

H 

EOE 

107-108 

quan. 

0 

54 

156 

n'c8Hl7 

-och2co2h 

H 

EOEOE 

oil 

78 

0 

54 

157 

H 

-0(CH2) 3SO3H 

H 

EOE 

60-70 

80 

J 

56 

Metal  cation  complexatlon  by  many  of  these  compounds  has  been  studied  extensively.  The  pKa 
values  for  many  of  them  have  been  determined. 52,56 , 58  uaing  these  dibenzo -crown  carboxylic 
acids,  transport  of  alkali,  alkaline  earth,  some  transition  metal,  and  lanthanide  metal  ions  has 
been  studied  as  a  function  of  pH,  metal  ion  concentration,  and  the  nature  of  the  organic  phase 
in  single  ion  as  well  as  competitive  ion  experiments  in  bulk  and  emulsion  liquid  membrane 
systems .  ^  •  ^3. 57 , 59-68  Some  of  these  crown  acids  have  been  used  in  the  study  of  the 


Thermodynamic  studies 


transport  of  praseodymium  (III)  across  phosphatidyl  choline  vesicles. 
have  also  baan  carried  ouc,  and  uH,  AG.  and  TAS  values  have  been  determined  for  crown-metal  Ion 
complexes .56,58,70,71 


H.  0CHC0,H 


- 

a  x> 


X  =  EOE 


yield:  41%,  mp:  oil,  ref.:  54 


Figure  XI 


159)  yield:  67%,  mp:  222-226°C,  Proc.  D,  Ref.  29 
Figure  XII 


3. 


PROTON- IONIZABLE  CROWN  ETHERS  CONTAINING  THE  BINAPHTHYL  SUBCYCLIC  UNIT. 


The  PICEs  containing  a  blnaphthyl  unit  were  among  tha  first  proton- ionizabla  crowns 
synthesized.  Cram  and  coworkers  have  studied  a  large  number  of  these  compounds  for  metal  cation 
complexatlon  as  well  as  molecular  recognition. 72,73 

Blnaphtho -crowns  160-161  (Figure  XIII,  Table  10)  were  synthesized  from  the  combination  of 
2,2' -bls-aethoxv-3.3' -bis- (hydroxymethyl) -1,1' -blnaphthyl  and  the  appropriate  glycol  ditosylate 
folio.,  d  by  the  cleavage  of  the  methyl  group  to  give  the  bls-naphthol  compound  as  outlined  In 
Procedure  P  for  compound  160.^ 


Table  10.  Blnapathyl  Ionizable  Crown  Ethers 
with  Intraannular  Hydroxy  Groups 


(Procedure 

P. 

Reference  72) 

(Figure  XIII) 

Number 

n 

mp(*C) 

Yield(t) 

160 

2 

214-215 

40 

161 

3 

188-189 

40 

162 

4 

162-163 

15 

Procedure.  R 


Blnaphtho -crown  ethers  163-184  (Figure  XIV,  Table  11)  have  the  crown  ring  attachment  at  the 
2 , 2' -posit ions  instead  of  the  3 , 3' -positions  as  in  160-162.  The  general  procedure  for  the 
synthesis  of  proton- Ionizabla  blnaphtho-crown  ethers  163-174  is  given  In  Procedure  Q  using  crown 
163  as  an  example.  ^5  The  synthetic  pathway  to  obtain  tha  appropriately  substituted  starting 
blnaphtho-crown  is  somewhat  similar  to  Procedure  P.  ^  Once  the  precursor  blnaphtho-crown  was 


R4  dd(*C)  Yield(»)  Proc  Ref 


168(-)-(S) 
169(-)-(S) 
170( - ) - (R) 

171 

172 

173 

174 

175 

176(+)-(S) 

177 

178(-)-(S) 

179 

180 
181 
182 

183(-)-(S) 


CH2SCH2C02h 
CH2SCH2CO2H  -  R; 

CH2SCH2CH2C02H  -  R 

CH2SCH2CH2C02H  -  R 

H  H 

CH2SCH2C02H  -  R 

CH2CH(C02H)2  -  R 

CH2CH2C02H  -  Rl 

CH2CH2C02H  -  Rl 

H 


H  128-130 

H  glass 

H  glass 

CH2\  glass 
H  glass 

H  glass 


CH2SCH2C02H  -  R3  oil 

-  Rl  -  Rl  glass 

H  H  140 

H  H  glass 

H  H  glass 

C02H  C02H  291-2 


Procedure  Q 


blnaphtho-crcvn  acid. ^  Compounds  181-183  vara  also  obtained  starting  from  3,3'- 
bis.'chloromethyl)  blnaphtho- crown  and  dimethyl  aalonate  followed  by  subsequent  workup.^  Dlacld 
184  was  obtained  by  the  sequence  shown  in  Procedure  R.^  Compound  18S  (Figure  XV)  was  obtained 
using  Procedure  Q.'74 


The  blnaphthylene  unit  of  the 
crown  ethers  Just  described  Is  a 
sterlc  barrier  whose  3-  and  3'- 
positlons  direct  the  attached  side 
chains  over  and  under  the  cavity  of 
the  crown  ether.  This  provides 

185)  yield:  70%,  mp:  oil,  re(.  74  additional  binding  sites  for 

Figure  XV  ,, 

coaplexation. These  crowns  were 

able  to  extract  metal  cations  Into  organic  phases  and  they  provided  optical  resolution  through 

72  76 

differential  conplexation  of  the  enantiomers  of  the  a-aalno  acids.'*"' 


9. 


PROTON- I0NIZA2LE  BENZO-CROVNS  CONTAINING  AN  INTRAANNUUUt  HYDROXY  CROUP. 


Although  many  of  the  PICEs  already  dlacuaead  contain  phenol  groups,  this  section  will 
discuss  PICEs  which  contain  a  phenol  hydroxy  group  lnslda  the  crovn  ether  cavity.  The  general 
synthesis  Is  shown  In  Procedure  S  with  compound  186  as  an  Illustration.^  Crovn  phenols  186-196 
(Figure  XVI,  Table  12)  were  synthesized  according  to  this  procedure,  sons  with  slight 


Table  12.  Crown  Ethers  Containing  Intraannular  Phenol  Hydroxy  Croups  (Figure  XVI) 


Number 

n 

R 

X 

ap(*C) 

Yleld(») 

Proc 

Ref 

186 

0 

i 

H 

0 

66-66.5 

91 

S 

77 

187 

0 

i 

N02 

0 

105.5-106 

92 

S 

77 

188 

1 

i 

H 

0 

48-49 

92 

s 

77 

189 

1 

i 

no2 

0 

91-91.5 

93 

s 

77 

190 

2 

i 

H 

0 

oil 

70 

s 

77 

191 

2 

i 

N02 

0 

73-75.5 

92 

s 

77 

192 

1 

i 

Cl 

0 

62-65 

22 

s 

78 

193 

2 

i 

Cl 

0 

oil 

70 

s 

78 

194 

3 

i 

Cl 

0 

oil 

64 

s 

78 

195 

4 

i 

Cl 

0 

r« 

87 

s 

78 

196 

5 

i 

Cl 

0 

-- 

65 

s 

78 

197 

0 

i 

-N-N-2,4-dlnltrophenyl 

0 

167.5-168.5 

-- 

s 

7,10,79 

198 

1 

i 

M 

0 

109.5-110 

-- 

s 

7,79 

199 

0 

i 

-  N--N  -  4  -  me  '.hoxypheny  1 

0 

136-137 

-- 

s 

pn 

200 

1 

i 

■ 

0 

95.2-96.5 

-- 

s 

80 

201 

1 

i 

0 

143.5-144.5 

-- 

s 

80 

202 

0 

i 

OH 

0 

151-152 

quan 

s 

31 

203 

1 

i 

OH 

0 

76-80 

quan 

3 

81 

204 

3 

0 

OH 

0 

68-70 

92 

s 

82 

205 

2 

0 

H 

0 

57-58 

82 

T 

82 

206 

3 

0 

H 

0 

nil 

81 

T 

82 

207 

4 

0 

H 

0 

oil 

86 

V 

82 

208 

2 

1 

H 

NH 

oil 

11 

u 

83 

figure  XVI 


aodif ications .  The  crowns  containing  a  nicro-substltuent  ware 
prepared  by  nitracing  the  initially  fonsed  crown  phenol  uaing  sodlua 
nitrite  and  nitric  acid.®®  The  aacrocycle*  containing  the  4-chloro- 
iv^batltvenc  we-e  obtained  from  l-allvloxv-4-chloro-2-»>-bta-fhvdroxy- 
aethyl) benzene  which  waa  converted  to  the  dlbroalde  followed  by  ring 
cloaure  to  obtain  the  crown.  Tho  allyl  blocking  group  waa  later 
reaoved.78  Azo-subsCltuted  crown*  197-201  (Figure  XVI,  Table  12)  were 
obtained  according  to  Procedure  S  followed  by  reaction  with  the 
approprlata  dlazonlua  salt.^®*®®  Crown  hydroquinones  202-204  ware 
also  obtained  by  a  modification  of  Procedure  S.  l,4-Dlaathoxy-2, 6- 


O  0 

W 


feia-(hydroxyrsethyl)benzene  was  used  i  1  fora  the  crown  using  the  appropriate  glycol  ditosylate. 
The  dlaethoxybenzene  ret  Idue  was  oxidized  Co  the  qulnone  with  ceric  amsonliiLi  nitrate  then 
reduced  to  the  hydroqulnona  with  sodlua  dithionice.®^*®^  Crown  phenols  205-207  were  obtained 


according  Co  Procedure  T.®7  Dlaza-crown  phenol  208  was  obtained  as  outlined  In  Procedure  U.8® 
Crovns  209  and  210  (Figure  XVII)  were  synthesized  by  a  modification  of  Procedures  T  and  U.7®'®7 


f  I  I  2)  II  I  I  I  2)  Iv 
Br  OCHj  Br  HO  OCH,  OH  ' 


V"i 

OCHj  0> 


1)v,  2}  vl 

- •> 

3)  vU 


.0  OH  O 

NH  HNT 

O  0 — ^ 

\_y 


(I)  AcOK,  AcOH;  (10  NaOH,  EtOH(„,; 

(111)  aCHjCOjH,  1-BuOK.  t-BuOH, 
then  PTSA,  EtOH;  (Iv)  NaOH, 

EtOH(K,,,  then  HO;  (v)  (COO),.  C,H,; 
(vO  NHiCHjCHjOCHjCHjOCHjCH}MHj, 
EtjN,  toluene;  (vti)  LAH,  THF 


209)  61%,  mp;  91- 
93°C,  rel.  82 


210)  64%,  oil,  ref.  78 


These  PICEs  have  been 
studied  to  determine  acid 
dissociation  constants  and 
complexatlon  properties  with 
amines,  transition  metal  Ions, 
heavy  metal  ions,  and  alkali 
and  alkaline  earth  metal 
ions. 7 • 74 • 77 ‘ 80 • 84  Soma  of  the 
crowns  have  been  used  to 
determine  the  presence  of 
specific  cations.  The 
chromogenic  crown  phenols 
change  color  upon  formation  of 
a  complex. 


10.  PROTON- IONIZABLE  BENZO-CROVNS  C0NTAINXNC  AN  INTRAANNULAR  CARBOXYLIC  ACID. 


Many  of  the  PICEs  already  described  contain  benzoic  acid  type  functions  but  the  compounds 
discussed  In  this  section  have  an  lntraannular  carboxylic  acid  group  attached  directly  to  a 


benzene  ring.  Benzole  acid- containing  crowns  211-213,  216,  211,  and 
219  (Flgura  XVIII,  Tabla  13)  vara  praparad  either  by  Procedure  V  or  by 
a  modification  of  Procadura  v.8^*8^  Compound  212  la  shown  as  an 
example.  Moat  of  chaaa  crown  acids  wars  also  praparad  by  Procadura 
y. 86-88  Co aplaxation  and  transport  of  Ll+",  Na+,  JC*-,  and  Ca^+  by  thasa 
intraannular  carboxylic  acid- containing  crowns  hava  boon  studied.88'89 


Tabla  13. Crown  Cthars  Ulth  an  Intraannular  Carboxylic  Acid  Group  (E  -  CH2CH2)  (Figure  XVIII) 


Number 

X 

■pCC) 

Yleld(t) 

Proc 

Ref 

211 

E 

106-112 

34 

V.B 

86.87 

212 

EOE 

100-101 

82 

V.B 

86,87 

213 

EOEOE 

86-95 

68 

V.B 

86,87 

214 

EOEOEOE 

78-79 

55 

B 

87,88 

215 

EOEO  EOEOE 

oil 

58 

B 

87,88 

216 

EOEO EOEOEOE 

oil 

34 

V.B 

86 

217 

EOEOEOEO EOEOE 

oil 

36 

B 

87,88 

218 

CO  1  0€ 

213-214 

70 

V 

85 

COjH 

219 

r^S 

172-181 

98 

V 

85 

Procedure  V 


/+\/A 

HO  0  OH 


1)  NaOH 

■  1 

2)  Ha 


Br 


I  Br 

COjCHj 


NaH,  THF 


U.  PROTON- IONIZABLE  CROWN  ETHERS  CONTAINING  PHOSPHOROUS. 

Phosphoric  acid-containing  lonlzable  crown  ethers  are  aore  acidic  than  their  carboxylic 
acid  counterparts  and  soam  have  Bore  than  one  lonlzable  proton.  Hydrogen  phosphate  crowns  220- 
223  (Figure  XIX,  Table  14)  have  the  lonlzable  group  as  an  lntraannular  hydroxy.  These  ligands 


Table  14.  Dialkyl  Hydrogen  Phosphate  Crown  Ethers 
(Reference  90)  (Figure  XIX) 


Number 

n 

•  R 

mp(*C) 

Yleld(t) 

O 

220 

i 

H 

104-106 

33 

n. 

«  o 

221 

i 

n-octyl 

oil 

47 

r 

1  ^ 

OH  \ 

222 

2 

H 

106-108 

75 

N> 

o'* 

223 

2 

n-octyl 

88-89 

65 

L 

224 

2 

n-decyl 

89-91 

73 

Rgure  XIX 

225 

2 

n-hexadecyl 

98-100 

77 

were  obtained 

by  combining 

the  appropriate  glycol  with 

phosphorous 

oxychloride  at 

dlchloro-methane.  The  resulting  crowns  containing  phosphorous  chloride  group  were  hydrollzed  to 
the  hydrogen  phosphate  crowns  by  water  in  dloxane.9^  Fhosphonomethyl-containing  aza-crowns  226- 
228  (Figure  XX)  were  obtained  by  reacting  the  corresponding  aza-crown  with  phosphoric  acid, 
formaldehyde,  hydrochloric  acid,  and  water.25  Dlbenzo-crown  phosphlnlc  acid  229  (Figure  XXI) 
and  crown  phosphonic  acid  230  were  prepared  by  reacting  the  hydroxy  dlbenzo-crown  ether  with 
chloromethylphenyl  phosphlnlc  acid  and  aonoethyl  lodoaethyl  phosphonic  acid  respectively.56*91 


0 


o 


229)  yield:  40%,  mp: 
170.5-1 71  “C,  ref.  91 


XXI 


230)  yield:  88%,  mp: 
48-52*  C,  ref.  56 


These  phosphoric  acld- 
contalning  crowns  were  studied 
In  transport  experiments  with 
alkali  metal  ions  and  with 
Zn2+.  Ag+.  Pb2+,  Mg2+,  Cd2+,and 
Nl2+.90.92  Thermodynamic  and 
kinetic  studies  were  carried 
out  on  the  side  am 
Interactions  of  229. 56 


12.  CROHN  ETHERS  CONTAINING  A  PROTON- I0NIZABLE  PTRIDINE- DERIVED  SOBCTCLIC  UNIT. 

Crown  ethers  containing  a  proton- lonlzable  subcycllc  unit  are  unique  In  that  the  anion 
formed  upon  removed  of  the  proton  Is  actually  part  of  the  crown  ether  ring.  Thus,  after 
complexatlon,  a  negative  charge  Is  In  close  proximity  to  the  positively  charged  cation  In  the 
cavity  of  the  macrocycle.  Crown  ethers  231-245  (Figure  XXIa,  Table  15)  have  an  lonlzable  proton 
on  the  ring  nitrogen.  The  pyridine  of  the  crown  ether  Is  In  ths  4-pyrldone  fora,  as  shown,  as 
determined  by  an  x-ray  crystal  structure  analysis. 93  The  general  synthetic  procedure  Is 

outlined  In  Procedure  X.93"95  The  synthesis  of  compound  232  Is 
given  as  an  example.  Using  the  same  synthetic  procedure,  4- 
pyrldono- 14 -crown-4  compounds  246-248  (Figure  XXIII,  Table  16) 
were  also  obtained. 9® 

As  an  extension  of  the  synthesis  of  the  above  pyrldono-crown 
ethers,  pyrldone-N-hydroxlde-contalning  compounds  249-252  (Figure 
XXIV,  Table  17)  were  prepared.  The  crown  N-hydroxldes  were 
obtained  using  a  modification  of  Procedure  X.  The  crown  was 
Figure  XXII  purified  as  the  THP-protected  material  and  subjected  to  oxidation 


Tab la  15.  Crown  Ethers  Containing  the  4-Pyrldona  Subcyclle  Unit  (Procedure  X)  (Figure  XXII) 


Number 

n 

*1 

R; 

X 

2 

mpCC) 

Yield(t) 

Ref 

231 

0 

H 

a 

0 

0 

150-151 

14 

93 

232 

1 

H 

H 

0 

0 

104-105 

26 

93 

233 

2 

H 

M 

0 

0 

oil 

23 

93 

234 

1 

-n-C8Hi7 

H 

0 

0 

41.5-43 

38 

93 

235 

0 

-n-C8Hi7 

H 

0 

0 

wax 

52 

94 

236 

1 

-c6h6 

H 

0 

0 

90.5-93 

29 

94 

237 

2 

-n-C8Hi7 

H 

0 

0 

oil 

28 

94 

238 

1 

H 

H 

s 

0 

63-64 

11 

93 

239 

0 

H 

H 

0 

s 

153-155 

46 

94 

240 

0 

-n-C8Hi7 

H 

0 

s 

82-85 

8 

94 

241 

1 

H 

H 

0 

s 

182-183 

62 

94 

242 

1 

-n-C8Hi7 

H 

0 

s 

118-120 

40 

94 

243 

1 

-C6H6 

H 

0 

s 

145-148 

12 

94 

244 

0 

H 

-CH20CH2CH-CH2 

0 

0 

oil 

38 

95 

245 

1 

-CH2OCH2CH-CH2h 

H 

0 

0 

77 

35 

95 

Table  16.  14-Crown-4  Macrocycles  Containing  the  4-Pyridone 
Subcyclic  Unit  (Procedure  X,  Reference  96)  (Figure  XXIII) 


Number 

R 

Yield  (%) 

»>P(*C) 

246 

H 

28 

179-180 

247 

n’c8H17 

35 

123.5-124.5 

248 

-CH2C6H6 

21 

168-169 

O 


using  meta-chloroperbenzoic  acid  in  methylene  chloride  at  O'C.^  It  was  determined  that  these 

> 

compounds  exist  as  shown  in  Figure  XXIV  in  solution  but  in  the  solid  state,  they  exist  as  the 

Q7 

crown  4-hydroxypyridlne-N-oxlde. 

Several  proton- ionizable  pyridlno  diester-crown  ethers  have  also  been  synthesized.  These 


compounds  have  been  shown  to  exist  in  the  4-hydroxypyrldine  form,  unlike  the  non-ester  4- 


OTHP 


OH 


rn i 

0H  NaH,  THF 
)  (Ta) 


^  ^  u 

k  )  C  ) 

k/O  **  k>0 


Table  17.  Crown  Ethers  Containing  tha  4-Pyridone-H-Hydroxide 
Subcycllc  Unit  (Procedure  X.  modified)  (Reference  17)  (Figure  XXIV) 


Number 

X 

mpCC) 

Yleld(») 

249 

*  CH2CH2CH20CH2CH2CH2  * 

205 -206 (dec) 

10 

XX 

250 

- CH2CH2CH20CH2CH(n-CgH^7 ) CH2 - 

147-148.5 

15 

r  1  1 

O  OH  O 

251 

- CH2CH2OCH2CH2OCH2CH2 • 

135 

4 

\/ 

252 

- CH2CH2OCH2CH2OCH2CH2OCH2CH2  * 

166 

5 

Figure  XXIV 

Table  18.  4 - Hydroxypyr ldlne  Dleater  Crown 

Ethers  (Procedure  Y,  Reference  98)  (Figure  XXV) 


Number 

n 

R 

mp(*C) 

Yield(») 

253 

1 

H 

142-143 

76 

254 

1 

CH3(S.S) 

95-97 

30 

255 

1 

Ph(S.S) 

119-122 

3.1 

256 

2 

H 

85-89 

73 

o  o- 

V°^ 


Figure  XXV 


pyrldone  crowns.98  Macrocycles  253-255  (Figure  XXV,  Table  18)  were  obtained  by  transesterlfica- 
tlon  of  4-0-prctected  dimethyl  chelidamate  and  the  appropriate  glycol  (Procedure  Y)  using  a 
metal  methoxlde  base  and  molecular  sieves  to  remove  the  methanol.  Subsequent  deprotection 
yielded  the  4-hydroxypyrldlno  dlester-crown  ethers.9® 

These  proton- lonlzable  pyridine -containing  macrocycles  have  been  examined  as  carriers  In 
transport  studies  with  alkali,  alkaline  earth,  and  some  transition  metal  cations  using  bulk 
liquid  and  emulsion  liquid  membrane  systems.  Tha  crowns  containing  chiral  substituents  were 


Procedure  Y 


OR 


/+\/A 

HO  O  OH 


1)  M*  ‘OCH, 

2)  deprotection 


OH 


also  used  In  chiral  molecular  recognition  experiments.  Acid  dissociation  constants  have  been 
determined  as  well.  It  has  been  shown  that  transport  can  be  'switched*  on  or  off  by  adjusting 
the  pH  of  the  aqueous  phase. ® 95-101  Because  of  the  lability  of  the  ester  function,  these 
crowns  were  not  as  effective  in  transporting  metal  ions  as  the  corresponding  polyether  crowns. 


13.  PROTON- IONIZABLE  CROHN  ETHERS  CONTAINING  A  TRIAZOLE  SUBCTCLIC  UNIT. 


The  triazole  unit  provides  another  way  of  incorporating  a  proton- lonlzabla  subcyclic  unit 
into  a  crown  echer  so  that,  upon  ionization,  the  negative  charge  is  on  the  macrocycllc  ring 
itself.  Triazolo-crowns  256-267  (Figure  XXVI,  Table  19)  were  synthesized  according  to  the 

sequence  shown  in  Procedure  z.13,95,1C2  Two  separate  solutions, 

y* 

one  containing  the  THP-protected  bis  -  (chloromethyl)  -1 , 2,4- 
trlazole  in  THF  and  another  containing  the  dlpotasslum 
glycoxlde  in  THF  were  added  simultaneously  to  refluxing  THF  to 
obtain  the  protected  crown.  Deprotection  using  mechanollc  HC1 
provided  the  proton- lonizable  crown.  Triazole  crowns  268  and 
269  were  obtained  b»  a  different  method  as  shown  in  Procedure 


Figure  XXVI 


AA. 


103 


The  overall  yields  for  Procedure  Z  were  somewhat  higher 


Procedure  Z 


o  o  o  o- 

CO  CO 


Table  19.  Crown  Ethers  Containing  the  1.2,4-Trlazole  Subcyclic  Unit  (Figure  XXVI) 


Number 

n 

*1 

r2 

*3 

*4 

X 

mpCC) 

Yleld(») 

Proc 

Ref 

256 

0 

H 

H 

H 

H 

0 

90-92 

1.1 

Z 

702 

257 

1 

H 

H 

H 

H 

0 

112-114 

33 

Z 

102 

258 

2 

H 

H 

H 

H 

0 

71-72 

15 

Z 

102 

259 

1 

H 

H 

CH3(S,S) 

H 

0 

oil 

33 

Z 

102 

260 

0 

n-CgHi? 

H 

H 

H 

0 

oil 

24 

Z 

13 

261 

1 

n‘c8c17 

H 

H 

H 

0 

wax 

36 

Z 

13 

262 

1 

c6h6 

H 

H 

H 

0 

oil 

48 

Z 

13 

263 

1 

H 

H 

n‘c8H17 

H 

0 

syrup 

25 

Z 

13 

264 

0 

n-CuH23 

n-CuH25 

H 

H 

0 

70 

26 

Z 

95 

265 

1 

n-Ci2H25 

n-C^2H5 

H 

H 

0 

77.5-79 

48 

z 

95 

266 

1 

H 

H 

H 

H 

s 

95.5-97 

17 

z 

13 

267 

1 

n'c8H17 

H 

H 

H 

s 

oil 

9 

z 

13 

268 

1 

H 

H 

H 

CH3(S.S) 

0 

110 

S2a 

AA 

103 

269 

1 

H 

H 

H 

CH3(R,R) 

0 

oil 

89* 

AA 

103 

*  Yield  on  last  step. 


Procedure  AA 


NaNOj 

- «. 

HCI 

268 


than  those  for  Procedure  AA.  Triazolo-Crovn  270  (Figure  XXVII)  was  isolated  and  characterized 
in  addition  to  crown  256.  ^2  Dibenzo-crown  271  and  dlcyclohexano- crown  272  (Figure  XXVIII)  were 
obtained  by  Procedure  Z  also  using  the  appropriate  glycols. ^ 

Three  trlazolo  dies  ter -crowns,  273-275  (Figure  XXIX,  Table  20),  were  also  synthesized  using 
the  sane  procedure  described  for  the  hydroxypyrldino  diester-crowns ,  Procedure  Y,  but  starclng 
with  dimethyl  l-benzyl-lH-l^.A-triazole-S.S-dicarboxylate.*®4’*-05  By  x-ray  crystal  structure 


analysis,  it  was  shown  that  the  triazole  ring  hydrogen  is  located  on  the  nitrogen  of  the 


270)  yla'd:  7.4%,  mp: 
128-9#C,  ref.  102 


Figure  XVVH 


O  O' 


271)  A=  be*uo,  yield:  71%,  mp: 

2C3^-204.5°C,  ref.  103 

272)  A=  cydohexano,  yield:  40%, 
ref.  103 

Figure  XXVIII 

Single  Ion  transport  as  well  ee 
were  carried  out.  Some  trlazolo 
silver  cations.  Molecular  recognl 


triazole  ring  as  shown  In  Figure 
XXIX  for  the  dies ter  crowns  and  on 
one  of  the  outside  nitrogens  In 
the  triazole-contalning  polyether 
crowns  as  shown  In  Figure 
XXVI. I®*, 10* 

The  trlazolo -crowns  have  been 
used  to  transport  alkali,  alkaline 
earth,  and  transition  metal 
cations  in  the  bulk  liquid  and 
emulsion  liquid  membrane  systems, 
competitive  Ion  transport  studies 
crovns  had  a  apeclal  affinity  for 
tlon  for  the  enantiomers  of  chiral 


Table  20.  1,2,4-Triazole  Diester  Crown  Ethers 
(Procedure  Y,  Reference  104)  (Figure  XXIX) 


Number 

n 

R 

mpCC) 

Yleld(%> 

273 

i 

H 

140-142.5 

16 

274 

2 

H 

132.5-134 

19 

275 

1 

CH3(S,S) 

114-116 

22 

Figure  XXIX 


amines  by  the  trlazolo-crowns  having  chiral  substituents  was  studied.  Thermodynamic  studies  to 
determine  acid  dissociation  constants  and  cation  complex  stabilities  have  also  been 

per  formed.  15.  ”,  103 -107 


14.  PROTON- IONIZABLE  CROWN  ETHERS  CONTAINING  SULFONAMIDE  GROUPS. 

Another  group  of  proton- lonizable  crown  ethers  in  which  the  anion  is  a  member  of  the 
macrocyclic  ring  are  the  sulfonamldo-crowna .  The  proton  on  one  or  both  of  the  sulfonamide 
groups  of  compounds  276-290  (Figure  XXX,  Table  21)  can  be  removed  to  provide  better  ligating 
sites  for  metal  cations.  Sulfonamide  crowns  276-290  were  obtained  by  following  the  general 


procedure  shown  in  Procedure  BB.10?*109  The  starting  bls-(aulfonvlchlorlde)  compound  was 


Tabla  21.  Crown  Ethers  Containing  the  Sulfonamide  Croup  (Procedure  BB) 
(Figure  XXX) 


Numb 3 r 

n 

X 

opCC) 

Yield(%) 

Ref 

276 

1 

R 

268-271 

23 

107 

277 

2 

• 

302-305 

10 

107 

278 

1 

“R 

232-234 

10 

108 

279 

2 

■ 

305-306 

19 

108 

280 

1 

a 

131-133 

1 

108 

281 

0 

a— 3-^^-q 

■  290-293 

25 

108 

282 

0 

253-256 

6 

108 

283 

1 

JX 

230-232 

12 

109 

284 

2 

■ 

256-259 

17 

109 

285 

1 

PH  Ph 

M 

183-186 

8.8 

109 

286 

0 

CC  m  -  ° 

229 

70 

109 

287 

0 

*  a  -  1 

277-279 

6 

109 

288 

1 

"  m  -  0 

183 

91 

109 

289 

1 

*  a  -  1 

164-165 

10 

109 

290 

0 

^  V  ' i  \ 

252 

72 

109 

Figure  XXX 


combined  with  the  appropriate  diamine  in  dichloro- 
uethane  to  provide  the  sulfonamido-crown.  The 
starting  bls-(sulfonvlchlorldel  was  obtained  by 
reacting  p-t-butylphenol  and  the  appropriate  glycol 
dlchloride.  Addition  of  chlorosulfonlc  acid  to  the 
resulting  bl3 -phenol  provided  the  starting  material 
for  the  sulfonamldo-crovns.^®^ 

These  lonlzable  sulfcnanldo-crown  ethers  were 


tested  as  carriers  for  the  alkali  metal  cations  In  bulk  liquid  membrane  transport  systems.  X- 
ray  crystal  structure  analysis  was  performed  to  determine  the  conformation  of  these  carriers. 
Also  thermodynamic  studies  were  done  to  determined  acid  dissociation  constants.  It  was  shown 
that  Ionization  of  both  protons  Is  required  for  cation  transport. 


15.  MISCELLANEOUS  PROTON- IONIZABLE  CROWN  ETHERS. 

Proton- lonlzable  crown  ethers  291-307  did  not  easily  fit  Into  any  of  the  categories 


291)  yield:  90%,  mp:  292)  yield:  91%,  mp: 

177°C,  ref.  112.  173-4*0,  ref.  112 


previously  discussed  so  they  will  be 
described  here.  Crowns  291  and  292  (Figure 
XXXI)  were  synthesized  and  used  In  a  study 
of  carbocatlons ,  carbanlons,  and  carbenes  as 
ring  members  in  crown  ethers. Bis- (crown 
ether)  dyes  293-297  (Figure  XXXII)  were 
synthesized  with  expectations  that  they 
would  show  very  different  complexation 
properties  from  the  corresponding  monocyclic 
crown  dyes.  The  bis- (crown  ether)  effect 
was  not  very  remarkable.*^*®® 


These  crowns 


293)  n  =  0;  mp:  150°C  (dec);  Ref.  30  295)  oil;  Ref.  80 

294)  n  a  1;  mp:  123°C  (dec);  Ref.  30 


297)  yield  71%;  oil;  Ref.44 


296)  oil;  Ref.  80 


Figure  XXXII 


were  synthesized  In  a  similar  manner  to  crowns  already  discussed.  Crown  acids  298-304  (Figure 
XXXIII,  Table  22)  containing  an  lntraannular  sulfonic  acid  group  were  synthesized  by  Procedure  V 
using  sulfur  dioxide  instead  of  carbon  dioxide.87  PICE  305  (Figure  XXXIV)  was  obtained  using 
Procedure  J.*7**®  Thiacrowns  306  and  307  (Figure  XXXV,  Table  23)  were  obtained  as  outlined  in 
Procedure  CC  and  tested  for  the  extraction  of  silver. 


i 


Table  22.  Crown  Ethers  Containing  an 
Xntraannular  Sulfonic  Acid  Croup 
(Procedure  D,  Reference  87)  (Figure  XXXIII) 


Number 

n 

mp(*C) 

Yleld(») 

298 

0 

102-104 

59 

299 

1 

101-104 

67 

300 

2 

oil 

72 

301 

3 

oil 

71 

302 

4 

oil 

42 

303 

5 

oil 

70 

304 

6 

oil 

74 

figure  XXXII! 


Tabla  23.  Chromogenlc  Thiacrowns  (Procedure  <'C, 
Reference  112)  (Figure  XXXV) 


Number 

*1 

R2 

R3 

mp(*C) 

Yleld(*) 

306 

H 

OH 

H 

133-134 

51 

307 

OH 

H 

Cl 

133-134 

53 

Acknowledgement :  This  work  was  supported  lr.  part  by  the  Office  of  Naval  Research. 


REFERENCES 


1. 

2. 

3. 


5. 

6. 

7. 

8. 


3. 


10 


11. 


12. 


13. 


14. 


15. 

If 

17. 

18. 

19. 

20. 
21. 

22. 

23. 

24. 


25. 


26. 


C.J.  Peiersen,  J.  An.  Chen.  Soe..  1967,  89,  7017. 

R.M.  IzaCC,  J.S.  Bradshaw,  S.A.  Nl-lson,  J.D  Lamb,  J.J.  Chrlstansas  and  D.  Sen,  CilgEU 
Rev..  1985,  35,  271. 

R.A.  Bartsch,  W.A.  Charewlcz,  S.I.  Kang,  and  W.  Walkovlak,  ACS  ?vr»p,  Ser.  ■ 2£2_LL1sl. 

Memhr . ) .  1987,  86. 

C.A.  Chang,  J.  Twu ,  and  R.A.  Bartsch,  Tnory .  Chen. .  1986,  25.  396 
A.  Frlclga  and  J.-M.  Lahn,  Pro r.  Natl.  Acad.  Scl.  USA.  1983,  80,  6426. 

R.M.  Irate,  C.C.  LindH,  C.A.  Clarlc,  Y.  Hakacaujl,  J.S.  Bradshaw,  J.D.  Lamb,  and  J.J. 
Chrlstatuan,  J.  Merabr.  Scl..  1987,  31,  1. 

K.  Nakashlra,  S.  Nakatsujl,  S.  Aklyama,  T.  Kaneda,  and  S.  Mlsuml,  Chem.  Fhara..  1986. 

34,  168. 

H.  /akamura,  H.  Sakka,  M.  Tikagl,  and  K.  Uer.o,  Chen.  Lett..  1981,  1305. 

H.  Nakamura,  V.  Nlohlda,  M.  Takagl,  and  K.  Uano,  Anal.  Chla.  ncta.  1982,  139,  219. 

K.  Nakashlma.  Y.  Yamawakl,  S.  Nakatsujl,  S.  nklyama,  T.  Kaneda,  and  S.  Mlsuml,  ChtH...  LctSL.. 
1983,  1415. 


H.  Nakamura,  M.  Takagl,  and  K.  Uano,  Tal-nta.  1979,  26,  921. 

H.  Nakamura.  K.  Takagl,  and  K.  Uano,  Anal.  Chem...  1980,  52,  1668. 

J.S  Bradshaw,  C.W.  McDaniel,  B.D.  Skidmore,  R.B.  Nielsen,  B.2.  Wilson,  N.K.  Dailey,  and 
R.M.  Iratt,  J.  Heterorvcl.  Chen..  1787,  24,  1085. 

J.S.  BradaheJ.  R.M.  Iratt,  P.  Huazthy,  Y.  Nakatsujl,  H.  Koyama,  C.W.  McDaniel,  S.C.  Wood, 
R.B.  Nielses ,  C.C.  LindH,  A.L.  Bruenlng,  J.D.  Lamb,  and  J.J.  Christensen,  “The  Design  of 
Protcn-Ionlzable  Macrocycllc  Ligands  for  Selective  Cation  Transport  In  Liquid  Membrane 
Systems,*  ri.  Kobayachl  Ed.,  In  "The  Proceedings  of  the  Eighth  IUPAC  Conference  on  Physical 
Organic  Chemistry.*  Elsevier  Science  Publish  .rs,  Amsterdam,  The  Netherlands,  1987. 

R.M.  Iratt,  C.C.  LindH,  R.L.  Bruenlng,  P  hua.;thy,  C.W.  McDaniel,  J.S.  Bradshaw,  and  J.J. 
Chr'stenron,  Anal.  Chem,.  1988,  60,  1694. 

J.  Strrelblckl  and  R.A.  Bartsch,  Anal.  Chem...  1981,  53,  1894. 

R.A.  Bartsch,  B.P.  Czech,  S.I.  .lang,  L.E.  Steward,  W.  Ualkowlah,  W.A.  Charewlcz,  G.S.  Heo, 
and  B.  Son,  J  Am.  Chem.  Soc^.  1985,  107,  4997. 

K.  Eiraura,  K.  Sakam<  to,  S.  Kltazawa,  ana  T.Shono,  J.  Cites,  joc. .  -Chem.-.  Coiwmuh..  1985,  669. 

B.P.  Czech,  A.  Czech,  B.  Son,  H.K.  Lae,  and  R.A.  Bartsch,  J , . KgtcrgdYv  1  lt...Ch-PgU .  1986,  23. 

465. 

B.P.  Czech,  B.  So,-,  tnd  R.A.  Bartsch,  Tetrahedron  LeC.C,^.  1983,  24,  2923. 

Y.  Katayamn,  K.  N1  :a.  4 .  Ueda,  H.  Nakamura,  M.  Takagl,  and  K.  Uano,  ChllB.  A9t4.  1985, 

173,  193. 

B.P.  Bubn’s  and  . .  E.  Pacey,  Tetrthedrpn  Lettj..  ’5-’  25,  1107. 


B.P.  Bubnls  and  C.E.  Pacey,  Talanta.  1984,  31,  1149. 

R. . Delgado.  J.J.R.  Frausto  da  Silva,  and  M.C.T.A.  Vaz.  Pglyticdrpn.  1987.  6,  29. 

M.  Ta-aki,  K.  Nlta,  M.  Takagl,  and  K.  Ueno,  CTipn.  LctC>.  1982,  571. 

S.  Shlnkal,  H.  Kinds,  Y.  Araragl,  and  0.  Manabe,  Bull.  CilCB.  Sflg ...JPtL->  1983.  ■  559 


M.  Takagl,  M.  Tazakl,  and  K.  Uono, 


1978,  1179. 


Y.  Katayaaa,  R.  Fukuda,  and  M.  Takagl, 


i.  1986,  185,  295. 


T.  Y.iaashlta,  H.  Nakamura,  M.  Takagl,  and  K.  Ueno, 


1980,  53.  1550. 


V.K.  Manchanda  and  C.A.  Chang, 


1987,  59,  813. 


L.A.  Frederick,  T.H.  Fyles ,  N.P.  Curprasad,  and  D.M.  Whitfield, 

1724. 


..  1981,  59. 


T.M.  Fyles  and  C.A.  McCavln, 


1982,  54,  2103. 


J.  Desrouches,  H.  Dugas,  M.  Bouchard,  T.M.  Fyles,  and  G.D.  Robertson, 
65,  1513. 


..  1987. 


C.  Thomas,  C.  Sauterey,  M.  Castalng,  C.M.  Cary-Bobo,  J.M.  Lehn,  and  P.  Pluoere,  Blochem. 


L.M.  Dulyea,  T.M.  Fyles,  and  C.D.  Robertson,  J.  Heat 
J.-P.  Behr,  J.-M.  Lehn,  D.  Moras,  and  J.C.  Thierry, 
T.M.  Fyles,  C.A.  McCavln.  and  D.M.  Whitfield,  J.  0r< 


1987,  34,  87. 


Soc.  ■  1981,  103,  701. 


1984,  49.  753. 


J.-P.  Behr,  J.-M.  Clrodeau,  R.C.  Hayward,  J.-M.  Lehn,  and  J.-P.  Sauvage,  Helv. 
1980,  63,  2096.  " . . 


T.M.  Fyles,  V.A.  Mallk-Dleaer ,  C.A.  McGavln,  and  D.M.  Whitfield, 
2259. 


1982,  60. 


L.M.  Dulyea.  T.M.  Fyles.  and  D.M.  Whitfield,  Can.  J.  chen..  1984.  62,  498. 


T.M.  Fyles  and  D.M.  Whitfield, 


T.M.  Fyles, 
T.M.  Fyles. 


U.,  1984,  62.  507. 
L,  1986,  82,  617. 


„  1985,  24,  229. 


B.P.  Czech,  D.A.  Babb,  A.  Czech,  and  R.A.  Bartseh, 
B.  Czech,  S.I.  Kang,  and  R.A.  Bartseh,  Tetrahedron 
A.H.  Haines,  I.  Hodgklsson,  and  C.  Smith,  J.  Chera. 
R.  Ungaro,  B.  El  Haj ,  and  J.  Said,  J.  Am.  Chen.  Soc 


k,  1989,  26,  199. 


1983,  24,  457. 


L.  1983,  311. 


1976,  98,  5198. 


K.  Bourgoln,  K.H.  Wong,  J.Y.  Hul,  and  J.  Sold, 


„,  1975,  97,  3462. 


F.  Wada,  R.  Arata,  T.  Goto,  K.  Kikukawa,  and  T.  Matsuda, 
2061. 


1980,  53, 


B.P.  Bubnls,  J.L.  Stager,  Y.P.  Wu,  L.A.  Meyers,  and  G.E.  Pacey, 
139,  307. 


1.  1982, 


S.  Shlnkal,  T.  Ktnarai,  Y.  Kusano,  and  0.  Manabe, 


L.  1982,  104,  1967. 


R.A.  Bartseh,  C.S.  Heo,  S.I.  Kang,  Y.  Hu,  and  J.  Strzelblckl, 
457. 


em. .  1982,  47, 


W.A.  Charewlcz,  G.S.  Heo,  and  R.A.  Bartseh, 


1982,  54,  2094. 


R.A.  Bartseh,  Y.  Hu,  S.I.  Kang,  B.  Son,  G.S.  Heo,  P.G.  Hlpes,  and  L.J.  Bills,  J .  Ore. 
Cheni.  .  1983,  48,  4864. 


E.  Uhlemann,  H.  Geyer,  K.  Gloe,  and  P.  Muhl, 


1.  1986,  185,  279. 


56.  R.J.  Adaalc,  B. A.  Lloyd,  E.M.  Eyrlng,  S.  PaCruccl,  R.A.  Bartach,  M.J.  Pugla,  B.E.  Krtudsen, 
Y.  Liu,  and  D.H.  Desal,  J .  Phvs .  Chem. .  1986.  90,  6571. 

57.  M.J.  Pugla.  D.H.  Desal,  and  R. A.  Bartsch,  J.  Ore.  Chen..  1987,  52,  4387. 

58.  J.P.  Shukla,  M.J.  Pugla,  B.  Son,  and  R. A.  Bartsch.  Theraochla.  Acta.  1987,  111,  257. 

59.  J.  Strzalbickl  and  R. A.  Bartsch,  Anal.  Chew. ■  1981,  53,  2247. 

60.  J.  Strzalbickl  aid  R. A.  Bartsch,  Anal.  Chen..  1981,  53,  2251. 

61.  J.  Strzalbickl,  C.S.  Hao,  and  R.A.  Bartsch,  San.  Scl.  Technol. .  1982,  17,  635. 

62.  W.A.  Charevlcz  and  R.A.  Bartsch,  Anal.  Chea. ■  1982,  54,  2300. 

63.  R.A.  Bartsch,  W.A.  Charevlcz,  and  S.I.  Kang,  J.  Meabr.  Scl..  1984,  17,  97. 

64.  W.A.  Charavlcz,  W.  Walkovlak,  and  R.A.  Bartach,  Anal.  Chea..  1987,  59,  494. 

65.  J.  Strazlblckl ,  W.A.  Charevlcz,  and  R.A.  Bartach,  J.  Inclusion  Fhenoa^.  1988,  6,  57. 

66.  W.A.  Charavlcz  and  R.A.  Bartsch,  J.  Membr.  Scl..  1983,  12,  323. 

67.  W.  Tang  and  C.M.  Wal,  Anal.  Chen..  1986.  58,  3233. 

68.  W.  Tang  and  C.M.  Wal.  J.  Merabr.  Scl^.  1988,  35.  339. 

69.  R.A.  Bartsch,  J.  Crandjean,  and  P  Laazlo,  Blochea.  Blophrs.  Res.  Coma. .  1983,  117,  340. 

70.  R.J.  Adaalc,  E.M.  Eyrlng,  S.  Patruccl,  and  R.A.  Bartach,  J^.  FhYJ>-Ch,ca. .  1985,  89,  3752. 

71.  R.J.  Adaalc,-  B.A.  Lloyd,  E.M.  Eyrlng.  S.  Patruccl,  and  R.A.  Bartsch.  JJ_fllYa.-ChenL.  1986, 
90,  1659. 

72.  K.E.  Koenig.  R.C.  Helgeson,  and  D.J.  Craa,  J.  Aa^Chea.,.  SOC..  1976,  98,  4018. 

73.  R.C.  Halgason.  K.  Koga,  J.M.  Tlmko,  and  D.J.  Craa,  J.  Am.  Chea.  Soc..  1973,  95,  3021. 

74.  R.C.  Halgason,  J.M.  Tlmko,  and  D.J.  Craa,  J.  Aa.  Chea.  Soc..  1973,  95,  3023. 

75.  D.J.  Craa,  R.C.  Halgason,  K.  Koga,  E.P.  Kyba,  K.  Hadan,  L.R.  Souaa,  M.C.  Siegel,  P. 

■Moreau,  C.W.  Cokel,  J.M.  Tlmko,  and  G.D.Y.  Sogah,  J.  Org.  Chea. ■  1978,  43,  2758. 

76.  J.M.  Tlmko,  R.C.  Helgeson,  and  D.J.  Craa,  J.  An.  Chea.  Soc..  1978,  100,  2828. 

77.  C.M.  Brovr.a,  C.  Ferguson,  M.A.  McKervery,  D.L.  Mulholland,  T.  O'Connor,  and  M.  Parvez,  ,L. 

Am.  Chen.  Soc..  1985,  107,  2703. 

78.  M.  van  der  LoiJ,  H.J.  Oosterlnk,  R.H.  Hall,  and  D.N.  Relnhoudt,  Tttrahtdrqn.  1981,  37, 
3661. 

79.  T.  Kaneda,  K.  Suglhara,  H.  Kaalya,  and  S.  Misual,  IstTffhgdtgn.letS^.  1981,  22,  4407. 

80.  S.  Kltazawa,  K.  Klmura,  and  T.  Shono,  Bull.  Chea. _ got,  Jniu.  1983,  56,  3253. 

81.  K.  Suglhara,  H.  Kaalya,  M.  Yamaguchl,  T.  Kaneda,  and  S.  Misual,  Tetr?bgdjr<?n.. Lott-u.  1981, 

22,  1619. 

32.  E.  Chapoteau,  B.P.  Czech.  A.  Kumar.  A.  Pose,  R.A.  Bartsch,  R.A.  Holwerda,  N.K.  Dailey,  B.E. 
Wilson,  and  J.  Weinlng,  J.  Org.  Chen..  1989,  54,  861. 

83.  A.  Czech,  B.P.  Czech,  R.A.  Bartsch,  C.A.  Chang,  and  V.0.  Ochaya,  J ,..,QrE. ...CIlSBL..  1988,  53, 
5. 

84.  M.A.  HcKervey  and  D.L.  Mulholland,  J.  Chea.  Soc - Chea. _£ganBflU.  1977,  438. 

85.  T.W.  Ball,  P.B.  Cheng,  M.  Nevcoab,  and  D.J.  Craa,  J.  Aa.  Chea.  SS! CL.  1982,  104,  5185. 


86.  M.  Newcomb,  S.S.  Hoove,  end  D.J.  Cram,  J.  Am.  Chem.  Soc..  1977,  99,  6605. 

87.  M.  Skowronska- Ptas lnske ,  P.  Telleman,  V.M.L.J.  Aarts,  P.D.J.  GrooCenhuls,  J.  van  Eerden,  S. 
Harkena,  and  D.H.  Relnhoudt,  Tetrahedron  Lett..  1987,  28,  1937. 

88.  V.M.L.J.  Aarts,  C.J.  van  Staveren,  P.D.J.  GrooCenhuls,  J.  van  Eerden,  L.  Koruis,  S. 
Harkema,  and  D.N.  RelnhoudC,  J.  Ara.  Chem.  Soc.,  1986,  108,  5035. 

89.  M.  Newcomb  and  D.J.  Cram,  J .  Am .  Chem.  Soc .  .  1975,  95,  1257. 


90.  J.S.  Bradshaw.  P.  Huszthy,  and  R.M.  IzaCt,  J.  Heterocvcl.  Chem. .  1986,  23,  1673. 

91.  R.A.  Sachleben,  J.H.  Bums,  and  G.M.  Brown,  Inorg.  Chem  .  1988,  27,  1787. 

92.  R.M.  Izatt,  G.C.  LindH,  P.  Huszthy,  G.A.  Clark,  R.L.  Bruenlng,  J.S.  Bradshaw,  and  J.J. 
Christensen,  J.  Inclusion  Phenora. .  In  press. 

93.  J.S.  Bradshaw,  Y.  Nakatsujl,  P.  Huszthy,  B.E.  Wilson,  N.K.  Dailey,  and  R.M.  Izatt, 
Heterocvcl.  Chem. .  1986,  23,  353. 

94.  J.S.  Bradshaw,  P.  Huszthy,  H.  Koyama,  S.G.  Wood,  S.A.  Strobel,  R.B.  Davidson,  R.M.  Izatt, 
N.K.  Dailey,  J.D.  Lamb,  and  J.J.  Christensen,  J.  Heterocvcl.  Chem..  1986,  23,  1837. 

95.  C.W.  McDaniel,  J.S.  Bradshaw,  K.E.  Krakovlak,  R.M.  Izatt,  P.B.  Savage,  B.J.  Tarbet,  and 
R.L.  Bruenlng,  J.  Heterocyclic  Chem..  In  press. 

96.  J.S.  Bradshaw,  J.M.  Guynn,  S.G.  Wood,  B.E.  Vllson,  N.K.  Dailey,  and  R.M.  Izatt, 
Heterocvcl.  Chem..  1987.  24,  415. 

97.  J.S,  Bradshaw,  J.M.  Guynn,  S.C.  Wood,  K.E.  Krakovlak,  R.M.  Izatt,  C.W.  McDaniel,  B.E. 
Wilson,  N.K.  Dailey,  and  G.C.  LindH,  J.  Org.  Chem..  1988,  53,  2811. 

98.  J.S.  Braushaw,  M.L.  Colter,  Y.  Nakatsujl,  N.O.  Spencer,  M.F.  Brown,  R.M.  Izatt,  G.  Arena, 
P.-K.  Tsa,  B.E.  Wilson,  J.D.  Lamb,  and  N.K.  Dailey,  J.  Org.  Chem..  1985,  50,  4865. 

99.  R.M.  IzaCt.  G.C.  LindH,  R.L.  Bruenlng,  P.  Huszthy,  J.D.  Lamb,  J.S.  Bradshaw,  and  J.J. 
Christensen,  J .Inclu5.l9n_fh.eng.liL. .  1987,  5,  739. 


100.  R.M.  Izatt,  C.C.  LindH,  G.A.  Clark,  J.S.  Bradshaw,  Y.  Nakatsujl,  J.D.  Lamb,  and  J.J. 
Christensen,  J.  Chem.  Soc..  1985,  23,  1676. 


101. Y.  Nakatsujl.  J.S.  Bradshaw,  P.-K.  Tse,  G.  Arena,  B.E.  Wilson,  N.K.  Dailey,  and  R.M.  Izatt, 
J.  Chem.  Soc..  Chem.  Comimin. .  1985,  749. 


102.  J.S.  Bradshaw,  R.B.  Nielsen,  P.-K.  Tse,  G.  Arena,  B.E.  Wilson,  N.K.  Dailey,  J.D.  Lamb,  J.J. 
Christensen,  and  R.M.  Izatt,  J.  Heterocvcl.  Chem. .  1986,  23,  361. 

103.  J.M.  Alonso,  R.  Martin,  J.  de  Mendoza,  and  T.  Torres,  Heterocvcles .  1987,  26,  989. 

104.  J.S.  Bradshaw,  D.A.  Chamberlin,  ?.E.  Harrison,  B.E.  Wilson,  G.  Arena,  N.K.  Dailey,  J.D. 
Lamb,  and  R.M.  Izatt,  J.  Ore.  Chem, .  1985,  50,  3065. 

105.  J.S.  Bradshaw,  B.A.  Jones,  R.B.  Nellsen,  N.O.  Spencer,  and  P.K.  Thompson,  J.  Heterocyclic 
Chem. .  1983,  20,  957. 

106.  R.M.  Izatt,  C.C.  LindH,  J.S.  Bradshaw,  C.W.  McDaniel,  and  R.L.  Bruenlng,  Sep.  Scl. 
Technol^.  1988,  23.  1813. 

107.  J.F.  Blemat,  J.S.  Bradshaw,  B.E.  Wilson,  N.K.  Dailey,  and  R.M.  Izatt,  J.  Heterocvcl. 
Chem. .  1986,  23,  1667. 

108.  J.F.  Blemat,  M.  Bochenska,  J.S.  Bradshaw,  H.  Koyama,  G.C.  LindH,  J.D.  Lamb,  J.J. 
Christensen,  and  R.M.  Izatt,  J.  Inclusion  Fhenom. ■  1987,  5,  729. 

109.  J.S.  Bradshaw,  H.  Koyama,  N.K.  Dailey,  R.M.  Izatt,  J.F.  Blemat,  and  M.  Bochenska,  i*. 


110.  R.M.  Irate,  G.C.  LlndH,  J.F.  Blarnat,  M.  Bochenaka,  R.L.  Bi.-utning,  J.S.  Bradshaw,  and  J.J. 
Christensen.  J.  Inclusion  Fhenon..  in  press. 

111.  F. -A.  von  Itter  and  F.  Vogtle,  Chen.  Ber^.  1985,  118,  2300. 

112.  M.  Murol,  A.  Hanaguchi,  and  E.  Sekldo,  Anal.  Scl ■ .  1986,  2,  351. 


